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sample, although the results will also reflect the immediate conditionsof the blood sample. Various correction factors have been proposed to adjust observed OAC measurements to those that would apply under standardized conditions (3-6) so that comparison can be made with a reference range of p values (i.e., the partial pressure of oxygen at which half the available heme groups are oxygenated). In theory it might be expected that the applicationof a series of correction factors, derived from studiesof normal hemoglobins, to comparedwith the correspondingobservedoxygen saturation of hemoglobins,S, taken from the measured OAC.
The parameter
was summed over all 625 experimental points.The assumed value for one of the equilibrium constants was then adjusted by 0.001 log unit, and the process repeated until a minimum value for y was found. All equilibrium constants were subjected to the same iteration process in turn. The final values achieved were those which, in concert, produced the overall minimum value for y. All experimental points were given equal weighting. Reactions included in calculations are shown in Table 1 . A reactionwas considered to make an insignificant contribution to the OAC if the equilibrium concentration of its product was lessthan 0.1% of the total hemoglobinconcentrationat all experimental points.Under those circumstances, an equilibrium constant for the reaction could not be determined and the reaction was subsequently excluded from the calculations. The reactions finally selected to model the OAC of erythrocytes were those which, when includedin the calculations, gavethe closestfit of the observed association curves to the limits of experimental accuracy (1 SD = 0.02 on the saturation axis). 
Results

Erythrocyte Function in Vitro
Development of the Model
Initially a model of hemoglobin, oxygen, and DPG interactions was assumed in which there was sequential binding of as many as four oxygen molecules per molecule of hemoglobin, giving the complexed species Hb-02, Hb-(02)2, Hb-(02)3, and Hb-(02)4. The complexing of DPG by hemoglobin was also included. We further assumed that the binding of DPG and oxygen by hemoglobin was mutually exclusive. Other assumptions were that glycosylated hemoglobin reacted with oxygen in the same manner and with the same binding affinity as unmodified hemoglobin, but that glycosylated hemoglobin did not reactwith DPG. Equilibrium constants for these and other reactions are defined in Table  1 .
Because the initial estimates of the equilibrium constants for the reactions leading to the formation of Hb-(02)2 and Table 1 ) and no improvement of fit of the model of OAC to experimental data could be achieved by including them in calculations. The assumption that glycosylated hemoglobins and normal hemoglobins had identical affinity for oxygen was also relaxed in data fitting. In Table 1 , the species for which equilibrium constants could be determined were sufficient to reproduce all the experimental curves to ± 0.019 of the proportional ± 1 SD) . This corresponds to the limits of reproducibility of the measurements of OAC in the present study. Figure 2 
Discussion
One approach to the assessment of hemoglobin function is to measure the OAC of a sample of erythrocytes equilibrated to defined conditions. Most of the more important factors influencing the shape and position of the OAC apart from abnormal hemoglobin function are thus standardized.
The observed OAC may then be compared directly with a reference curve describing the expected OAC of those cells. The objective of the present study was to derive a practical means of calculating the OAC expected of erythrocytes under the standard conditions of extracellular pH 7.400, carbon dioxide tension 38 mmHg, temperature 37 #{176}C, given minimum cell parameters and the assumption that hemo- globin function is normal. A model of the OAC of normal cells under these conditions was based on presumed equilibrium reactions among hemoglobins, oxygen, and DPG. The series of reactions eventually found enabled the measured OAC to be simulated to an accuracy within experimental error ( Figure 2) . A computer listing of the simulation program written in BASIC is available from the authors on request.
We stress that the purpose of the derived model is to assist in the detection of hemoglobin variants by OAC measurements; it is not intended for use in physiological studies, the list of six reactions eventually selected for the simulation being too simplistic a summary of the total reactions involved in the OAC for such purposes. No reactions specifically involving protons or carbon dioxide were included in the model because these variables were standardized experimentally. Similarly, apparent changes in erythrocyte OAC due to changes in blood plasma composition (22) were circumvented by removing the cells from their native plasma before measurement of the OAC. Reactions not considered in developing the model were those of hemoglobin A2, on the grounds that hemoglobin A2 has similar oxygen affinity to hemoglobin A0 (23) and responds similarly to DPG (24) . Also, the minor glycosylated hemoglobin components HbAia and HbAjb (25) are in very low concentrations in erythrocytes, and their reactions were undetectable in the present analysis. Reactions considered but eventually deleted from the model included those between DPG and the erythrocyte membrane, and between hemoglobins and ATP. Evidence for sequestration of DPG by the erythrocyte membrane is contradictory; in the present study, no such interaction had to be invoked to model observed OAC. In contrast, the affinity of ATP for hemoglobin is well established (26), although the failure of ATP to exert a significant effect on the OAC of intact erythrocytes may be due toits inability to competewith DPG in the intracellular milieu (27) .
Within these constraints, the described model provides a practical means of calculating the OAC of intact erythrocytes, under the stated experimental conditions, to the accuracy required for the detection of physiologically significant hemoglobin variants by OAC measurements.
